This paper is the first attempt to directly explore the long-run nonlinearity of the shadow economy. Using a dataset of 158 countries over the period from 1996 to 2015, our results reveal a robust U-shaped relationship between the shadow economy size and GDP per capita. Our results imply that the shadow economy tends to increase when economic development surpasses a given threshold or at least does not disappear with economic growth. Our findings suggest that special attention should be given to the country's level of development when designing policies to tackle issues related to the shadow economy.
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INTRODUCTION

I.
The shadow economy has been labelled with many names, such as the informal economy, hidden economy, black economy or underground economy. Although existing studies provide a broad range of definitions or descriptions of the shadow economy, most of them are similar. This paper follows the definition proposed by Medina and Schneider (2018) One of the intensively studied topics in economics is the causes of the shadow economy (SE) around the world. Although our understanding of the potential shadow economy drivers has improved substantially in the past two decades 1 , questions regarding its long-run behavioral pattern are still open to debate. For example, does the size of the shadow economy converge to a certain level, or does it have a robust long-run linear relationship with its determinants? This paper aims to fill the gap in the literature by investigating the long-run relationship between the shadow economy and its key determinants.
The paper identifies a U-shaped relationship between the size of the shadow economy 2 and the level of economic development, using a panel dataset covering 158 countries or regions from 1996 to 2015. We take into account a wide range of the shadow economy's determinants and adopt various regression specifications to test the robustness of the nonlinearity between the shadow economy and GDP per capita 3 . Our results reveal that, after controlling for key economic, policy, and institutional variables, the economies at a low development level witness a negative relationship between the size of the shadow economy and GDP per capita, but when GDP per capita exceeds a threshold, the size of the shadow economy goes up with per capita income. These findings are consistent with economic intuition that economic development may have two opposite impacts on the size of the shadow economy. On the one hand, economic development, characterized by productivity improvement and technology advance, may support the long-run expansion of the shadow economy. Because high level of development means high level of human capital, which helps individuals to make a living relatively easy. When less constrained by financial pressure, more people like to consider informal jobs to gain more work flexibility or to reach a better life-work balance, especially if there is a catch-up in the wage difference between the formal and informal sectors. In addition, technology innovation can support the growing trend of the shadow economy by providing more convenient jobs and reliable decentralized payment systems 4 . On the other hand, economic development can help downsize the shadow economy by offering high quality public goods and services. High level of economic development is normally featured by stronger institution capacity and better social infrastructure, all of which help absorb firms and individuals from the informal sector or encourage them to stay formal. The two competing forces jointly determine the net effect of economic development on the shadow economy: at low level, the downsizing effect associated with economic development plays a dominate role, people join or switch to the formal sector to enjoy more benefits of economic growth, and thus the shadow economy shrinks; at high level, more household members obtain financial freedom to an extent that they are willing consider informal jobs to pursue diverse goals and thus there is a gradual resurgence of the informal sector.
The U-shaped curve 5 , as Figure 1 displays, discloses a different development pattern from most of existing studies which assume or identify a linear relationship between the size of the shadow economy and its determinants. The non-linearity finding implies that the shadow economy is able to co-exist with different levels of development and the long-run trend is not to disappear from the economy. This is contrary to the inference of a linear relationship which predicts a shrinking trend or final disappearance of the shadow economy. One question from Figure 1 is related to the observation that GDP per capita of most countries lies at the downward part of the U-shaped curve while only a few on the other part especially including four oil-exporting countries 6 . The paper examines the robustness of nonlinearity by dropping the four countries and still gets positive confirmation.
The paper also seeks to identify the potential factors which boost GDP per capita. Consistent with the growth literature, we find that educational attainment plays a vital role in improving GDP per capita, especially a college degree or above. This result helps shed some light on the possible mechanism at the micro level. From the individual perspective, people work to make themselves better off. When the level of development is low, education helps build up labor productivity and skilled workers with college education or above choose to stay in the formal 4 Going forward, new waves of digital economy and the sharing and gig economy are expected to play a key role in boosting the shadow economy. Also, blockchain technology and cryptocurrency can be utilized to pay workers in the informal sector. 5 The following sections examine the nonlinearity with rigorous econometric methods. In addition, the non-linear relationship may not necessarily be symmetric around the turning point. We leave the investigation of the asymmetric nonlinearity to future research. 6 They are Brunel, United Arab Emirates, Kuwait, and Qatar (as BRN, ARE, KWT and QAT in Figure 1 ). sector to enjoy benefits from high productivity position and social security net. When the economy advances to a new level at which income of skilled workers becomes high enough and one household member can easily cover the whole family's daily expenses, demand for informal work is likely to increase due to work flexibility or other desirable perks. Hence the size of shadow economy. The rest of the paper is organized as follows: Section II reviews the literature on the shadow economy and highlights the paper's contribution; Section III explains the methodology and the dataset; Section IV presents the empirical results and conducts robustness checks; and Section V concludes.
LITERATURE REVIEW II.
There has been a considerable amount of economic research studying the shadow economy or the informal economy, particularly with a focus on its estimated size and causes 7 . The 7 A recent survey is by Elgin and Erturk (2018) . estimation approaches include survey-based methods, observable-variable methods and model-based methods 8 . One of the latest examples is the paper by Medina and Schneider (2018) that uses the Multiple Indicators Multiple Causes (MIMIC) approach to find that the estimated average size of the shadow economy in 158 countries over 1991 to 2015 is 31.9 percent relative to GDP. The causes of the shadow economy can be categorized into three groups, namely economic, policy-related, and regulatory and institutional factors 9 . Among the key factors are access to financing, political stability, public services provision, tax burden, labor market regulations and institutional quality. Many papers identify the potential determinants of the shadow economy by assuming a simple linear impact while some take advantage of various interactions among the variables to revise or complement early findings. Almost all the papers, explicitly or implicitly, assume or agree that the shadow economy should be expected to shrink with economic growth, the upgrading in financial and public services, the improvement of institutional quality and regulatory effectiveness.
One related question is whether this shrinking trend of the shadow economy is a long-run irreversible phenomenon. Suppose that all the countries in the world keep making progress in strengthening their capacity in supervision and regulation, providing efficient public services, and effectively reducing their institutional weaknesses, then is it reasonable to predict that the shadow economy will continue shrinking until it disappears or become negligible?
The paper is the first attempt to investigate the non-linear long-run trend of the shadow economy and our major contribution includes the revelation of a U-shaped relationship between the shadow economy and the level of development. This paper uses GDP per capita to serve as proxy for the level of development. Although some papers already use GDP per capita in their studies, their purposes are to control for the level of development (La Porta and Shleifer, 2008) . We allow for a U-shaped relationship by including squared GDP per capita. Our main results disclose the significance of the squared GDP per capita term, and the following regressions support its robustness.
Furthermore, this paper explores the possible long-run factors for the level of development and it is not surprising to find that educational attainment plays a vital role, especially college degrees and above. However, our finding regarding this variable contrasts with earlier work. Buehn and Farzanegan (2013) find that higher education levels can decrease the shadow economy in a strong institution environment by interacting education and institutional quality in their regression model. Their finding suggests that the sign of the educational impact on informality depends on the institutional quality. When the quality of institutions is high enough, their model implies that improved educational achievement contributes to the decline of the shadow economy. The issue with their work is the estimated effect of institutional quality on the shadow economy. As their paper shows, the institution has an overall positive impact on the size of the shadow economy and the impact declines with education level due to the same interaction item mentioned above, which contradicts with economic intuition and is hard to explain. The paper's finding is contrary to Elgin and Erturk (2016) that support the negative relationship. Regression in Elgin and Erturk (2016) uses a longer time series on the size of shadow economy while it relies on only fixed effect dummies to control for all other factors. In addition, Elgin and Erturk (2016) set up a model to capture the underlying mechanism in which it assumes the value of TFP is constant. Instead, their model implies the size of the shadow economy depends on the relative TFP values between the formal and informal sectors. If there is a catch up from the informal sector productivity, its size tends to increase, which is consistent with our paper's finding.
The paper focuses on the long-term determinants of the size of the shadow economy while Elgin and Birinci (2016) explores the nonlinear impact of the shadow economy on economic growth. The first difference of these two papers is the direction of the impact as Elgin and Birinci (2016) aims to identify one new factor of growth. Second, there is no direct inference between the two papers findings. Elgin and Birinci (2016) finds the inverted-U between the shadow economy and growth of GDP per capita. Given that growth of GDP per capita has no simple monotone relationship with the level of GDP per capita, it is hard to derive from their findings a relationship between the shadow economy and GDP per capita and thus to judge whether our paper is consistent with theirs or not. Though, one key finding of Elgin and Birinci (2016) is that the informal sector has positive spillover effects on TFP growth. If one major source of TFP growth is research and development activities, how can we reconcile their finding with existing empirical ones or what aspect of the informal economic activities is instrumental to TFP growth?
METHODOLOGY AND DATA III.
In this section, we set up a framework for the comprehensive econometric analysis to identify the nonlinear relationship between the size of the informal economy and GDP per capita.
Empirical methodology
We conduct several regressions with different estimators. The benchmark cross-sectional regression is based on the following setting:
where is the percentage ratio of the shadow (or informal) economy relative to GDP of country i; stands for GDP per capita for country i; , represents other control variables; and denotes the error term. The inclusion of the squared GDP per capita term in the regression is to check the potential existence of a nonlinear relationship between the size of the informal economy and GDP per capita.
In the subsequent parts, we first do the cross-sectional regression using variables constructed as 20-year averages. Then, the robustness check is conducted with various settings: (i) dummy variables are used to control for country group effects which is complemented by separate regressions on each country group; (ii) regressions on variables of 10-year average are conducted to further confirm the original findings; (iii) the panel regression method with 5-year average is adopted to continue checking the validity of the empirical results, which includes regressions with one-period lagged variable to control for endogeneity; (iv) regressions to control for other potential economic and institutional factors.
For the panel regression, the equation is set up as follows:
where dummies of and are inserted to reflect the country and time effects. Both the fixed-effect and random-effect estimators are reported in the paper.
Data
Our paper collects the annual cross-country panel data covering 158 countries or regions from 1996 to 2015 10 . In our regressions, the variables are 20-year, 10-year or 5-year averages. Variables constructed as 20-year and 10-year averages are used in the cross-sectional regressions and the 5-year average variables are fed into the panel data regressions.
The size of the shadow economy relative to GDP is borrowed from Medina and Schneider (2018) , which revise the standard MIMC approach by using light intensity instead of GDP as an indicator variable. By limiting GDP only as a cause variable, this revision helps improve the estimation results. To make the paper's findings reliable, the paper also uses the shadow economy data from Elgin and Oztunali (2012) 11 as a robustness check. Elgin and Oztunali (2012) estimates the shadow economy based on a deterministic dynamic general equilibrium model. As Table A2 in the Appendix shows, the two estimated series are quite correlated with each other.
The choice of control variables is based on the existing empirical literature, including GDP per capita, political stability index, growth of GDP per capita, CPI inflation, trade openness, financial depth, tax burden, education-related variables, and capital stock. Detailed information about these variables is list below:
 GDP per capita comes from the World Development Indicators (WDI) database and two measurements are used to ensure the robustness of the results: one is PPP-based constant 2011 international dollars and the other is constant 2010 US dollars. This is the main series used to establish the paper's major finding.
 To control for institutional differences, the index of political stability is extracted from the database of the World Governance Indicators (WGI). Its original values range from -2.5 to 2.5 which the paper changes into 0 to 100.
 The non-institutional variables of GDP per capita growth, CPI inflation, trade openness, financial depth and tax burden are also from the WDI. GDP per capita growth is calculated with national currency and the lowest GDP per capita growth occurs in Libya in 2011. Inflation is measured with CPI data and expressed in percent.
Trade openness is defined as the sum of exports and imports of goods and services as a percentage of GDP. Financial depth is measured as domestic credit to private sector provided by financial corporations 12 , such as through loans, nonequity securities and trade credits. Tax burden is captured by the ratio of taxes and mandatory contributions payable to commercial profits.
 The regression, aiming to explore the determinants of GDP per capita, also uses data on educational attainment from the WDI and total capital stock from the IMF. Three educational variables are constructed: the percentages of people completing primary school only, completing high school only, and completing college and above 13 . The IMF Investment and Capital Stock Dataset (ICSD) includes three measurements of capital stock, namely public capital, private capital and public-private-partnership (PPP) capital. The paper calculates the total capital stock as the sum of the three time series.
EMPIRICAL RESULTS
IV.
This section presents the empirical findings on the nonlinear interaction between the shadow economy and GDP per capita.
In this paper, endogeneity can come from two main possible sources: (i) the impacts of the informal activities on the formal sector, via channels of households or firms decisions, may imply that institution and economic variables on the right side of the regression equation may be influenced by the size of the shadow economy 14 ; (ii) the measurement error embedded in the estimated size of the shadow economy may also lead to the two-way causality between regressors and dependent variables. The paper adopted various specifications to check the sensitivity of the results and to ensure that endogeneity has been effectively mitigated.
Findings of the benchmark model
The results of the benchmark static panel regression are reported in Table 1 , which uses each country as one observation by taking 20-year average on all relevant time series.
The first column reports the regression results using the estimated shadow economy size from Medina and Schneider (2018) and GDP per capita in PPP-based international dollars, while the second column reports the regression on GDP per capita in 2010-based US dollars. The third column reports the results of regressing the estimated informality numbers from Elgin and Oztunali (2012) on PPP-based GDP per capita. All three regressions identify, at the 1-percent significance level, the positive coefficient for the squared shadow economy size and thus support the existence of the U-shaped relationship between the shadow economy and GDP per capita. That is, the shadow economy shrinks with the increase of GDP per capita until it reaches a threshold; after that point, the shadow economy and GDP per capita are positively related and the shadow economy size grows with GDP per capita.
The benchmark regression uses the indicator of political stability from the WGI to proxy for institutional factors, which is motivated by Elbahnasawy et al (2016) . The coefficient for political stability is constantly negative, implying that institutional factors help contain the expansion of the shadow economy.
In addition, the estimated negative coefficient of financial depth reveals that financial development is instrumental in dampening the activities of the shadow economy, which is consistent with the findings of World Bank Enterprise Surveys 15 . 
Further investigation of non-linear relationship
What factors determine the long-run value of GDP per capita and thus indirectly influence the size of the shadow economy? The classic production function implies that physical capital, human capital and technology are three fundamental variables. In addition, Barro (2013) argues that inflation is negatively related to economic growth. Guided by the existing literature, the regression equation of GDP per capita is set as following:
Results in Table 2 reveal that educational attainment contributes to the increase of GDP per capita, especially college and graduate degrees. It is not surprising to see that a bachelor degree and above are significant and more important than high school and primary school in boosting GDP per capita. College and post-graduate education helps employees to reach 15 La Porta and Shleifer (2014) highlight the role of financial access, one important aspect of financial development. They compare perceived obstacles to doing business reported by informal and formal entrepreneurs and list access to financing as the top 1 factor for firm-owners to make decisions of whether to stay formal or not. higher productivity and the skill-complementary technology trend in recent decades has create constant demand for skilled labor as Acemoglu (2002) shows. In addition, the regression confirms that inflation is detrimental to GDP per capita, supporting the existing study on the long-run negative relationship between inflation and economic growth.
Then, what is the economic intuition behind the implied long-run relationship between education and the shadow economy? The formal sector is more productive than the informal sector and firms tend to move out of the informal sector to hire skilled workers when more people become well-educated, thus reducing the size of the shadow economy. However, when education attainment reaches a certain level as GDP per capita hits a threshold, further increases in education attainment not only pushes up GDP per capita but also reverses the declining trend of the shadow economy. This reversal could be attributed to the increase in the informal sector's salary due to the growing productivity level. When household revenue exceeds a critical level, financial pressure becomes less intense. Some family members may become more willing to take temporary unregistered assignments than formal full-time or part-time positions in exchange for flexibility, which leads to the expansion of the shadow economy.
It is worth noting that the R-squared value indicates that education, capital stock and inflation can explain about 30.6 percent of the level of GDP per capita and a large share of GDP per capita remains unexplained in the regression. In addition, capital stock's impact on GDP per capita is not significantly different from zero in the long run. 
Robustness check
Besides the initial robustness regressions in Table 1 , this sub-section continues to conduct robustness checks to test the observed U-shaped relationship between the shadow economy and GDP per capita. Specifically, we implement four types of tests. First, this sub-section explores the robustness of the U-shaped relationship with an additional control variable, tax burden, and then within different country groups, which includes regressions with country group dummies and separate estimations for each country group. Second, the paper uses 10-year averages to run the benchmark regression to check the results' consistency. Third, the paper calculates 5-year averages and runs panel regressions with different estimators to check if the same relationship exists. Lastly, the section tests the robustness of the result by dropping the four oil-exporting countries on the upward part of the U curve.
Robustness check by controlling for tax burden and for country groups
This subsection investigates the robustness of our results by controlling for tax burden and for different country groups. One motivation for firms to remain unregistered and in the informal sector is to avoid taxes 16 . A potential question is whether, in the long-run and at the national level, the tax burden is a factor in affecting a firm's decision to stay formal or whether it has any implication for the long-run nonlinearity. In the regression, we add the ratio of corporate tax to corporate profit as proxy for a firm's tax burden. The first column of Table 3 shows a positive but insignificant coefficient for the tax variable while the two GDP-per-capita variables remain significant.
It is interesting to check if the nonlinear relationship significantly exists within different country groups. To achieve this goal, the paper divides the countries with two criteria. The paper borrows the definition of advanced economy (AE) from IMF (2017) and splits the 158 countries into AEs and non-AEs. The paper also follows the World Bank's classification, using 2015 gross national income (GNI) per capita, to group all countries or regions into three categories: low-income countries (LICs) with annual income below $1,025; middle-income countries (MILs) with annual income from $1,026 to $12,475; and high-income countries (HILs) with income of $12,476 or more 17 .
16 Recent research provides empirical and quantitative evidence to support the negative correlation between taxes and the informal sector and attributes it to high quality institutional factors (Friedman et al., 2000) or public turnover and public trust in government (Elgin and Solis-Garcia, 2012) . The appearance of the negative correlation is due to the failure of the analysis to identify or control for other important determinants. The second and third columns of Table 3 presents the regression results with country group dummies. One advantage of this method is to utilize all the observations instead of regressing on a subsample of the data. We can see the nonlinear relationship remains significant even with the dummies. To further investigate the robustness of the U-shaped relationship for each country group, the paper runs separate regressions for country groups of AEs, non-AEs, HICs and non-HICs. Table 4 shows that the squared GDP per capita remains significant for AEs, non-AEs and HICs. In contrast, non-HICs demonstrate a significant linear relationship between the shadow economy and GDP per capita. The negative linear relationship for nonHICs stems from the fact that almost all non-HICs lie far away from the threshold, where observations suggest a predominantly downward relationship.
The fact that the R-squared values for AEs and HICs are above 50 percent while those for non-AEs and non-HICs below 50 percent implies that nonlinearity is mainly driven by AEs or HICs whose GDP per capita lie around the threshold. 
Robustness check with 10-year averages
In the previous subsections, all the regressions are conducted with variables of 20-year averages to explore the long-run nonlinear relationship. One associated question is whether this nonlinear relationship remains unchanged if empirical analysis concentrates on shorter time horizons, such as a 10-year average or a 5-year average. This subsection conducts analysis based on two 10-year averages while the next one on four separate 5-year averages.
We run separate regressions for the periods of 1996-2005 and 2006-2015 and summarizes the results in Table 5 . Despite the changes in coefficient values between these two decades, the nonlinear relationship remains as expected, which indicates that the identified nonlinear 
Robustness check with 5-year averages
This subsection of robustness check utilizes panel data regressions with 5-year averages. These results are shown in Tables 6 and 7 . The growth literature suggests that 5-year averages can substantially smooth the cyclical elements contained in time series. Both the FE and RE estimators are listed in Table 6 below although the Hausman test suggests that the RE estimator may be inconsistent.
Finally, one concern with the panel regression is endogeneity. To check the impact of endogeneity, the paper also conducts panel data regressions with one-period lags and twoperiod lags. All the panel regression results support the U-shaped relationship identified previously. These robustness checks clearly demonstrate that all results are very robust after undertaking the usual tests. 
Robustness check by controlling for the four oil-exporting countries
This subsection aims to isolate the impact of some outliers and check the robustness of the Ushaped curve. As Figure 1 suggests, one valid concern is that the four oil-exporting countries which lie on the upward part of the curve, namely Brunei, United Arab of Emirates, Kuwait and Qatar 18 , may play a disproportionately large role in determining the nonlinear relationship. One way to check their role is to switch to another measurement of GDP per capita. With GDP per capita measured by constant 2010 US dollars, these four countries move to the downward part of the U curve in the Figure 2 . When this measurement of level of development is used, the regression outcome in Table 9 supports the U-shaped relationship. Another way to check its impact, which may be relatively convincing, is to do the regression with the same measurement while dropping the four outliers. The results are summarized below, and it is worth noting that the same U curve is still identified although at a less significant level than before.
18 They are highlighted with green color. 
More Discussions on Labor Market and Policy Implications
One view on the shadow economy is that labor market rigidity makes the job-labor searching and matching process lengthy and costly, thus discouraging firms to register new hired workers with the authorities or to stay formal and causing workers, especially migrant workers, to be less interested in the formal jobs in order to earn income easier and earlier.
Thus, it is important to control for the institutional effect of labor market when examining the determinants of the shadow economy. In response, the paper uses the indicator of the labor market flexibility from the World Economic Forum Global Competitiveness Index (GCI) to control for the institutional factors of the labor market. The indicator is on a scale of 1-7 with high value meaning more flexibility. The results are summarized in the table below. Labor market flexibility helps reduce the size of the shadow economy in the long run although not significant. Meanwhile, the coefficient of squared GDP per capita remains significant to support the U-shaped curve. It is arguable that not only institutional factors but also the labor force composition of the market can exert some influence on the relative size of the shadow economy. For example, Goldin (1994) finds the U-shaped curve between female labor participation and economic development. The female participation declines initially with economic development and then pick up after a turning point. If the estimated trend in Goldin (1994) is true, it is reasonable to predict that more male individuals tend to work informally with the economy growing. It can be a good topic for further investigation with more data available.
To set out appropriate and effective measures to tackle the associated issues, it is necessary first to have a comprehensive and updated view on the role of the shadow economy on economic growth and social welfare 19 . First, the existence of the shadow economy poses a severe threat to fiscal revenue and thus undermines the government's ability to provide adequate public goods and services. Second, empirical evidence shows that firms in the shadow economy are smaller and less productive than those in the formal sector. Third, the authorities have very limited access to the information related to the shadow economy, which weakens their efforts to implement the function of economic monitoring and management. Fourth, the shadow economy keeps evolving and gets adapted for new developments and thus it is crucial for the policy makers to update their knowledge on the shadow economy on a regular basis. However, the shadow economy does play a positive role, at some aspects, in improving workers welfare. For example, the informal sector supports workers to make a living by providing temporary and low-paid jobs when the economy does not have a wellestablished social security net. Also, the informal sector helps the economy to maintain an untapped reservoir of labor supply. When a positive shock to demand emerges, the economy 19 La Porta and Shleifer (2008, 2014) has a good summary about the views of the role of the shadow economy. can quickly grab the opportunity to step up production by utilizing extra labor supply in the shadow economy.
Besides the mixed views above on the shadow economy, the paper's finding provides another reason for policy-makers to be cautious when handling issues related to the shadow economy. Just as the paper reveals, if the long-run trend of the shadow economy can be reversed with economic development, then it is key to be aware of the current state of the economy and remains alert to the policy effectiveness. If the economy is less-developed or experiences a catch-up phase, its shadow economy is expected to go through a downsizing process. In this period, the authorities can harness the trend to attract more firms and workers out of the shadow economy by promoting financial development, containing inflation, stabilizing the political situation, and expanding educational spending. By contrast, when the economy has reached the threshold of GDP per capita and starts to show the positive relationship between GDP per capita and the shadow economy, the authorities should put additional efforts to make working in the formal sector more beneficial, for example by reducing labor market rigidity to improve the labor match efficiency, simplify the tax compliance procedure with recent technology innovations.
Against all the previous views and my empirical findings, it should be clear first that taking harsh measures with a view to dramatically reducing or even to eradicating the shadow economy is not a first-best solution at any period of time. The appropriateness of the policy depends on the level of economic development. This section sets out the following policy recommendations for consideration:
The authorities should strengthen their capacity in data collecting and processing. In order to assess the current stage of the relationship between the shadow economy and level of development, it is crucial for the policy makers to exploit all available data sources, especially when the digital economy grows rapidly in recent years, and to call for the relevant government agencies to work collectively to cross check the data quality. The authorities should be able to measure the impacts of its policy in a relatively accurate way and thus to keep adjusting its policy to achieve the ideal effect.
The authorities should streamline the administrative procedures to reduce the compliance costs of firms and households and make public goods and services more accessible by taking advantage of technology innovations. The growing digital economy provides new merits and convenience for workers to stay inform. In response, the associated government agencies should revise their policy measures to create a business-friendly environment and ensure that firms and workers can get more advantages to stay formal.
The authorities should keep educating people, not only to improve their human capital but also to teach the role of the shadow economy and promote healthy social norms to influence people's economic behavior. It is important to advise all firms and households on the merits and risks of the shadow economy and ensure that there is a positive attitude toward formal jobs and the importance of transparency for economic monitoring and policy designing.
CONCLUSION
V.
In this paper, we reveal a long-run U-shaped relationship between GDP per capita and the size of the shadow economy with a dataset of 158 countries. Further, this paper examines the possible long-run determinants of GDP per capita and finds that the share of the population with a bachelor degree or above plays a vital role in promoting the average production, which is consistent with existing literature.
The U-shaped pattern between the shadow economy and GDP per capita is worth further investigation. One possible direction is whether the non-monotonic relationship before and after the threshold are symmetric. Although this paper discloses long-run nonlinearity in the shadow economy using the quadratic regression equation, it is possible for the relationship between GDP per capita and the size of the shadow economy to be asymmetric. One possible scenario could be that the productivity increase of the shadow economy may accelerate when the country's level of development exceeds a certain stage, resulting from the formal sector's industrial upgrading and technological innovation. The correlation matrix is calculated with 958 annual observations. Educational variables are not included because of their small numbers of observations. In addition, * p<0.10, ** p<0.05, *** p<0.01. Sources: Medina and Schneider (2018) , Elgin and Oztunal(2012) , WDI, WGI, IMF ICSD and GCI. 
SE
The size of the Shadow Economy in % of GDP, from Medina and Schneider (2018) 1
SE2
The size of the Shadow Economy in % of GDP, from Elgin and Oztunal (2012) 0.945*** 1 
GDP_PPP
